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ABBREVIATIONS
AVG American Wre Gauge
CFR Code of Federal Regul ations
cm Centineters
ft Foot or Feet
in. | nches
kgs Ki | ograns

kgs/m Kil ogranms per neter
kgs/ mt Kil ograns per square nmillinmeter

| bs Pounds

| bs/ft Pounds per foot

LD Loan Design

m Met er

mm MIlimeters

mt Square MIlimeters

R'W Ri ght s- of - way

RUS Rural Uilities Service

SAVE Serving Area Val ue Engi neering
TE&CM  Tel ecommuni cati ons Engi neering and Construction Manual
ucv Under ground Cabl e Vaul t

DEFINITIONS

Cable Rack: A device usually secured to the wall of an
underground cabl e vault (nmaintenance hole), cable raceway, or
buil ding to provide support for cables.

Conduit: A tubular raceway for holding wires or cables, which is
designed expressly for, and used solely for, this purpose.

Construction Drawings: The draw ngs devel oped through the
st aki ng process and used to guide the construction of outside
plant facilities.

Eligible Country: Any country that applies with respect to the
United States an agreenent ensuring reciprocal access for United
States products and services and United States suppliers to the
mar ket of that country, as determned by the United States Trade
Representati ve.

Loan Design: A conprehensive engi neering plan for the project
used to support a |oan application to RUS.

Underground Cable Vault (Maintenance Hole): A subsurface
chanber, [arge enough for a person to enter for the purpose of
installing cables and ot her devices, and for maki ng connections
and tests.

Underground Cable Vault (Maintenance Hole) Cover: A renovable
I'Td wnich closes the opening to a underground cabl e vaul t
(mai ntenance hole) or simlar subsurface encl osure.
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Underground Cable Vault (Maintenance Hole) Frame: A structure
that caps the roof opening of the underground cable vault
(mai nt enance hole) at ground | evel and supports the cover.

Pulling Iron: An anchor secured in the wall, ceiling, or floor
of an underground cabl e vault (nmaintenance hole) to attach
rigging used to pull cable.

Resident: The conpetent representative of the Engineer who is
delegated full tine "on site" Construction Administration
responsi bilities of the Engineer.

Right-of-way: The strip of land over which facilities such as
hi ghways, railroads, power |lines, other utilities, or
t el ecomuni cation lines are construct ed.

RUS accepted (material and equipment): Material and equi pnent
wni ch RUS has reviewed and determ ned that:

a. Final assenbly is conducted within the United States or
any eligible country and the cost of conponents within the
mat eri al or equi pnment which are manufactured within the United
States or any eligible country, cost nore than 50 percent of the
total cost of all conponents utilized in the material or
equi pnent, and

b. The material or equipnent conplies with pertinent RUS or
i ndustry standards and field experience has denonstrated that the
mat erial or equipnment is suitable for use on systens of RUS
t el ephone borrowers.

RUS technically accepted (material and equipment): Material and
equl pnmrent whi ch RUS has reviewed and determ ned that:

a. Final assenbly is not conducted within the United States
or any eligible country, or the cost of conponents within the
materi al or equipnment which are manufactured within the United
States or any eligible country, cost 50 percent or less than the
total cost of all conponents utilized in the material or
equi pnent, and

b. The material or equipnent conplies with pertinent RUS or
i ndustry standards and field experience has denonstrated that the
mat erial or equipnment is suitable for use on systens of RUS
t el ephone borrowers.
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1. GENERAL

1.1 This bulletin discusses in particular the design of
underground plant using filled copper or fiber optic cables. The
informati on and recommendations in this bulletin are advisory.

1.2 Underground plant consists of a conduit and underground
cabl e vault (nmaintenance hole) system and the tel econmuni cati ons
copper or fiber optic cables installed in the conduit and

under ground cable vault (UCV) system

1.3 Additional information for the use in the design and
construction of underground plant facilities can be found in the
followng Rural Uilities Service (RUS) docunents:

a. Tel ecommuni cations Engi neering and Construction Manual
(TE&CM) Section 116, Plant Engi neering and Record
System

b. TE&CM Section 204, Tel ephone System Desi gn;

c. TE&CM Section 210, Tel ephone System Design - Sizing
Criteri a;

d. TE&CM Section 218, Plant Annual Cost Data for System
Desi gn Pur poses;

e. TE&CM Section 219, Present Wrth of Annual Charge
Studi es for System Design;

f. TE&CM Section 230, General Principles of Feeder-
Di stribution Cable Engineering [Serving Area Val ue
Engi neeri ng (SAVE)];

g. TE&CM Section 231, Design Techni ques of Feeder-
Di stribution Cabl e Engi neering (SAVE);

h. TE&CM Section 232, Transm ssion Design Costs
Consi derations of Feeder-Distribution Cable
Engi neeri ng ( SAVE);
i. TE&CM Section 628, Plastic-Insulated Cable Plant Layout;

]. TE&CM Section 629, Cable Plant Layout - Serving Area
Concept for Rural Systens;

k. RUS Bulletin 345-151, Specifications and Draw ngs for
Conduit and Manhol e Construction, Form 515c;

. RUS Bulletin 345-152, Specifications and Draw ngs for
Under ground Cabl e Installation, Form 515d;
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RUS Bul l etin 344-3, "Buy Anerican" Requirenent, as
anended by the Notice published in the Federal Register,
Vol ume 62, Nunber 32, dated February 18, 1997;

RUS Bull etin 1751F- 644, Underground Pl ant Construction;

RUS Bulletin 1751F-670, Cutside Plant Corrosion
Consi der ati ons;

RUS Bulletin 1751F-801, Electrical Protection
Fundament al s;

RUS Bulletin 1751F-815, Electrical Protection of CQutside
Pl ant ;

RUS Bulletin 1751H 601, Lightwave Fundanental s;

RUS Bul l etin 1753F-205(PE-39), RUS Specification for
Filled Tel ephone Cabl es;

RUS Bul l etin 1753F-208( PE-89), RUS Specification for
Filled Tel ephone Cabl es with Expanded | nsul ati on;

RUS Bull etin 1753F-402(PC-2), RUS Standard for Splicing
Copper and Fi ber Optic Cabl es;

RUS Bull etin 1753F-601( PE-90), RUS Specification for
Filled Fiber Optic Cables;

7 Code of Federal Regulations (CFR) Part 1751,
Subpart B, State Tel ecommuni cati ons Moderni zation Pl an;
and

7 CFR Part 1753.6, Standards, Specifications, and
Ceneral Requirenents.

2. APPLICATION

2.1 Underground plant facilities should be considered for the
foll ow ng conditions:

a.

b.

| n urban or suburban areas;

VWhere public authorities object to aerial plant
construction;

Where direct buried plant is inadvisable;

Where_alternative aerial or buried routes are not
practi cabl e;
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e. Were the appearance of an aerial entrance cable to a
central office building would be objectionable; or

f. \Were departnment of transportation officials prohibit
aerial crossings over roads, streets, highways, etc.

2.2 Since underground plant facilities are usually exposed to

| ess physical danmage than aerial or buried facilities, fewer
cable faults should be associated wi th underground pl ant
facilities. This lower fault rate should result in I ong periods
of mai ntenance-free operation and greater subscri ber

sati sfaction. Underground plant facilities could be used in
areas susceptible to frequent ice storns and/or high w nd

vel ociti es.

2.3 Permssion fromappropriate authorities shall be obtained
before installing underground plant facilities, which include
conduits, UCVs, and copper or fiber optic cables, in public
rights-of-way (R'W or travel |anes of roadways, streets, etc.

I n nost circunstances cooperation wth appropriate authorities
can be obtai ned when underground plant construction techni ques
are fully explained. A conprehensive investigation of the public
R'Wor travel portions of roadways, streets, etc. should be nmade
as to possible roadway, street, etc. inprovenents, such as

wi deni ng or changi ng grade el evations, before installation of
underground plant facilities to elimnate costly future
rearrangenents and rerouting. Wen installing underground plant
facilities at railroad crossings, on bridges, and the crossing of
facilities owned by other utilities, the need for permts should
be thoroughly investigated.

2.4 |In urban and suburban areas, other buried or underground
facilities such as water lines, gas lines, sewer lines, Community
Antenna Tel evision lines, electric and/ or tel econmunications
lines present obstacles to the installation of the conduit and
UCV conponents of underground plant facilities. Wen the above
buri ed or underground obstacles are anticipated, detailed

i nformati on should be obtained fromthe other utilities on
present and proposed buried or underground facilities |ocations.
Where it is known that buried or underground obstacles will be
encountered during construction of the conduit and UCV conponents
of underground plant facilities, those areas should be identified
separately in the Loan Design (LD).

2.5 The physical |ocation of the conduit and UCV conponents of
the underground plant facilities should be determned in
conjunction with federal, state, county, and |ocal authorities,
as applicable. Special attention should also be given to the
type and size of equipnent that will be required to performthe
conduit, UCV, and cable installation of underground plant
facilities.
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2.6 Sone of the considerations that can affect the physical
| ocations of the conduit and UCV conponents of underground pl ant
facilities are:

a. Wdth of road shoul ders;

b. Type of road and road surface;

c. Easenents;

d. Required nunber of conduits and UCVs;

e. Public RR'W

f. Railroad crossings;

g. Bridge crossings;

h. Buried or underground obstacles of other utilities; and
i. Environnmentally sensitive areas.

2.7 \Wen conduit and UCV conponents of underground pl ant
facilities are to be installed in public RWor travel |anes of
roadways, streets, etc. discussions with Departnent of
Transportation authorities should be held to informthe
authorities as to locations and depths of conduits and UCVs in
the R Wor travel |anes of roadways, streets, etc.

2.8 The sanme procedure as outlined in Paragraph 2.7 should be
followed in coordination with town and devel opnent areas where
conduit and UCV conponents of underground plant facilities are to
be installed. Assistance should be given to town pl anning
authorities, land, industrial, and commercial devel opers by
either identifying on existing construction drawings or in the
preparation of new construction draw ngs, the |ocations and
depths of all conduits and UCVs. Here again, these organizations
shoul d be informed that the borrower wll provide identification
and |l ocation of its existing underground plant facilities when
request ed.

2.9 Proposed underground plant construction activities should be
coordinated with other utilities. This coordination is necessary
to properly develop a working rel ati onship between the various
utilities on future planning of all utility plant. Construction
drawi ngs of underground plant to be constructed shoul d be
provided to each of the utility conpani es whose plant is, or nmay
be placed, within the area of the borrower's underground pl ant
facilities.

2.10 RUS Bulletins 345-151, Specifications and Draw ngs for
Conduit and Manhol e Construction, Form 515c, and 345-152,
Specifications and Drawi ngs for Underground Cable Installation,
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Form 515d, provide assistance to either the resident, consulting
engi neer, or borrower’s engineering staff in the design and
construction of underground plant facilities. The resident,
consul ting engineer, or borrower’s engineering staff should check
with federal, state, county, and |local authorities in regard to
any existing and/or proposed | and devel opnent prograns which
woul d require speci al design considerations to be taken into
account in the design and construction of underground pl ant
facilities.

2.11 1In the design of conduit and UCV systens of underground
plant facilities, nore conduits than initially needed shoul d be
provided to elimnate the added expense of reopening trenches and
addi ng additional conduits to existing conduit systens.

2.12 The resident, consulting engineer, or borrower’s

engi neering staff should keep in mnd during the design of
underground filled copper or fiber optic cable conponents of
underground plant facilities that flexibility of underground
cabl e conponents depend to a great extent on the physical
arrangenment of the cables and associ ated equi pnent in the conduit
and UCV systens of underground plant facilities. Correct
assignnments and arrangenents of underground copper or fiber optic
cabl es shoul d provide econom cal advantages by decreasing the
cost of future rearrangenents.

2.13 Prior to the design |ayout of the underground filled copper
or fiber optic cables, the resident, consulting engineer, or
borrower’ s engineering staff should nmake an on-site field survey
of all UCVs, riser poles, building conduits, etc.

2.14 \Were underground filled copper or fiber optic cables are
pul | ed t hrough UCVs without splicing, duct selections should be
the same at both ends of UCVs. Changes in duct selections,
especially in elevations, should be considered carefully to avoid
damage to underground cabl e sheaths and to keep the pulling
tensions as | ow as possi bl e.

3. CONSTRUCTION MATERIALS

3.1 For all underground plant construction projects financed
with RUS | oan funds, RUS regulation 7 CFR 1753.6 requires that
only RUS accepted materials be used.

3.2 RUS technically accepted, nondonestic manufactured
materials, may al so be used on underground plant construction
projects. Before technically accepted materials can be used on
under ground pl ant construction projects, permssion is required
fromthe RUS borrower. In addition, borrower's are required to
ensure that the cost of the technically accepted naterials are at
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| east 6 percent |ess than the cost of the RUS accepted material s,
as specified in RUS Bulletin 344-3, "Buy American" Requirenent,
as anended by the Notice published in the Federal Register,

Vol ume 62, Nunber 32, dated February 18, 1997.

4. CONDUIT TYPES AND USAGE

4.1 Conduit types nost frequently used in underground pl ant
facilities are as foll ows:

a. Milti-duct concrete;

b. Milti-duct plastic;

c. Fibergl ass/ epoxy;

d. Plastic;

e. Flexible plastic; and

f. Plastic fiber optic cable duct.

4.2 Milti-duct concrete conduits are available in 3.5 inch (in.)
[89 mIlineters (mMm)] and 4 in. (102 mm bore sizes and two
design types. The first design consists of a bell and spigot
with joint seals utilizing rubber gaskets and/or joint sealing
conpound. The second design utilizes a polyethylene sleeve with
dowel pins for alignnent. Conduits are available in 4-way, 6-
way, and 9-way configurations. Short joints, mters, split
conduits, and special adapters; such as concrete-to-steel,
concrete-to-concrete, and concrete-to-plastic, are standard stock
itens for both designs which are avail abl e from manuf acturers.

4.3 Milti-duct plastic conduits are available in bore sizes of

4 in. (102 m in bell and spigot designs. Joint seals are nade
usi ng rubber gaskets and spring clips. Conduits are available in
4-way, 6-way, and 9-way configurations supplied in 42 in.

[ 107 centinmeters (cm] sections. Mters, double bells, spigots,
etc. are standard stock itens avail able from manufacturers.

Short joint sections can be made in the field by cutting conduits
with a hacksaw.

4.4 Fiberglass/epoxy conduits are available in 2 in. (51 mm,
3in. (76 mm, 4 in. (102 M), and 6 in. (152 mm) bore sizes and
three design types. The first design is a bell and spigot with
joint seals utilizing joint sealing conpound. The second design
is a bell and spigot with joint seals utilizing joint sealing
conmpound and a nmechanical thread to ensure proper make up. The
| ast design uses threaded nechani cal connectors to ensure
positive joint seals. Sweeps, el bows, bends, expansion joints,
etc. are standard stock itens avail able from manufacturers.
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4.5 Plastic conduits are available in bore sizes of 2 in.

(51 m, 3 in. (76 M), 4 in. (102 M, and 6 in. (152 nm and
five design types. The five design types are B, C, D, EB, and
DB. Design types B and EB are used for concrete encasenent.
Types C and DB are used for direct burial. Type Dis used for
exposed installations, such as on bridges, viaducts, etc.
Jointing is acconplished with plastic couplings and sol vent
cenents. Sweeps, el bows, adapters, plugs, bell ends, etc. are
standard stock itens avail able from manufacturers. Conduits can
be cut with a hacksaw in the field to provide short joint
sections. Plastic spacers are available for building conduit
formations. The conduits are usually supplied in 20 foot (ft)
[6 neter (mM] lengths. Because plastic conduits are somewhat

fl exi bl e, gradual changes in w dths and heights of conduit banks
can be made without special mter fittings. Plastic conduits

al so have | ow coefficients of friction which allow | onger conduit
runs.

4.6 Flexible plastic conduits are avail able in bore sizes of
2in. (52 m, 3in. (76 M, 3.5in. (89 M), 4 in. (102 nm,
and 6 in. (152 n”m) and two design types. The first type is a
snooth wall finish. The second design is a corrugated wall
finish. Jointing is acconplished by heat fusion with caps, ells,
etc. which are standard stock itenms from manufacturers. The
conduits are usually supplied in 500 ft (152 nm) coiled I engths.
Because of the conduit’s flexibility, the conduit may be bent in
radii as sharp as 4 ft (1.2 m wthout kinking. Special fittings
necessary to nmake turns, dips, and bends are not usually needed
with flexible plastic conduits. Flexible plastic conduits can be
installed either by trenching or plowing. Snmooth wall flexible
conduits may be installed in multiple configurations. Corrugated
wal |l flexible conduits should only be used on subsidiary conduit
routes. Corrugated wall flexible conduits should only be placed
on horizontal planes (side by side).

4.7 Plastic fiber optic cable ducts are small dianeter flexible
pl astic conduits available in bore sizes of 0.5 in. (13 nmm,
1in. (25 M), and 1.5 in. (38 nmm. These type ducts are

avai lable in either snooth or corrugated wall finishes. The
ducts can be supplied in 1650 ft (502 n) coiled lengths. The
primary usage of this type duct is for installation in existing
conduits. This duct may al so be used for direct burial.

Pl acenment of filled fiber optic cables in these type ducts
provide clean, low friction, |ow hazard environnment for fiber
optic cable installations.

4.8 Steel pipes nay be used as conduits where special conditions
prohi bit the use of conduit types listed in Paragraph 4.1 of this
bulletin. Such conditions may include |ocations where trenching
coul d not be perforned or where pipe pushes are required. Steel
pi pes are available in all commercial sizes and can be obtai ned
wi th threaded ends and couplings or with plain ends.
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4.9 Sewer tiles, which are available in all commercial sizes,
shoul d be used as drains or sunps for poured-in-place UCVs.

5. CONDUIT FORMATIONS AND CURVES

5.1 Conduit formations consisting of four or nore ducts should
not be |less than two, nor greater than four, ducts wide. Table 1
of this bulletin lists various conduit formations based on trench
sizes and UCV vault racking di agrans.

TABLE 1
Condui t Fornmati ons
Nunmber of Ducts Duct Wdth
4, 6, 8, and 10 ducts 2 w de
9, 12, 15, and 18 ducts 3 wide

5.2 Conduit sections containing curves shoul d be avoi ded
whenever possible. Wen curves are required in conduit sections,
angl es of curves should be | ess than 90 degrees. Curves with
angl es greater than 90 degrees or curves with extrenely snal
radii should not be used because of possible damage to conduits
or cabl es.

6. CONDUIT SECTION LENGTHS

6.1 Conduit section | engths should depend on dianeters and types
of conduits and types of filled copper or fiber optic cables to
be installed in conduits. Conduit sections should be as | ong as
practicable to reduce the nunber of UCVs, splices, and set-ups
for cable pulling.

6.2 Conduit sections should not exceed 1500 ft (457 m). Typi cal
conduit sections range from600 to 1,000 ft (183 to 305 n).

Achi eving the 600 to 1,000 ft (183 to 305 n) distance nay be
restricted by junction points, |oad points [Wen | oaded |lines are
determ ned by RUS to be economcally feasible and the overal
system design conplies with the Mdernization Plan (7 CFR 1751,
Subpart B)], offsets, or degrees of curvature in conduit

sections. An offset is defined as the displacenent of one
portion of a straight conduit section run relative to the

remai nder of the conduit run. Displacenents (offsets) may occur

in any plane. |If offset distances are 5 ft (1.5 n) or |ess,
of fsets may be disregarded in determ ning maxi num section
lengths. |If offsets in otherw se straight conduit sections are

greater than 5 ft (1.5 n) or radii of sweeps in offsets are |ess
than 1200 ft (366 m, conduit section |engths should be shortened
proportionately (up to one-third for extreme conditions).

Conduit sections containing offsets should normally not exceed
600 ft (183 m.
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6.3 Bends, twists, or curves in conduit runs should be used to
change the general direction of conduit runs at street corners or
to avoi d underground obstructions. For conduit sections
cont ai ni ng bends or curves, maxi num conduit section | engths
shoul d be determ ned by angl es between straight conduit runs on
each side of curves and radii of curves.

6.4 Actual lengths of conduit runs should be obtained and
verified fromexisting conduit systemrecords to ensure that
cable lengths will be correct. Distances, such as UCV wall -to-
wal |, UCV-to-riser pole, or UCV-to-building, should be neasured
and added to the length of cable required in each UCV for
pulling-in, setting-up, splicing, and testing. The sum of the
di stance nmeasurenents nentioned above and the cable | engths for
pulling-in, setting-up, splicing, and testing is known as the
cable “cut lengths.” Cable “cut |engths” should be indicated on
construction drawi ngs. The excess |ength of copper cable
normal ly required for splicing, testing, and pulling usually
anounts to 3 ft (one neter) per cable or 6 ft (2 n) per section.
The excess length of fiber optic cable normally required for
splicing, testing, and pulling should be based on the LD

7. CONDUIT PROTECTION

7.1 Conduits should be protected agai nst nmechani cal danage due
to settlenment of the ducts, excavating equi pnent, etc. by use of
either treated wood pl anks or concrete. Protection may consi st
of top protection only, base only, top and sides only, or

conpl ete encasenent. The type of protection should depend on the
particul ar circunstances of the project. Were no hazards are
likely to be encountered, protection of conduits should not be
required.

7.2 Top protection should be provided where conduits are to be
i nstall ed under roadways which may be paved at |ater dates.
Concrete bases should be used whenever the ground is spongy or
yi el di ng, such as swanps or marshl ands, or where bases are
desirable as | eveling nmedi uns under conditions where sand base
trenches are subjected to washing out. Conduits within railroad
R/ 'Wshoul d be protected if required by regul ations.

7.3 Concrete encasenent of conduits should be considered for the
foll ow ng conditions:

a. Road or street crossings having earth covers that are
equal to or less than 30 in. (76 cm;

b. Railroad crossings;

c. Earth covers parallel to and within street, highway, or
road travel areas that are less than 30 in. (76 cm
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d. Streamcrossings, stormcanals, ditches, etc.; and

e. Bend angles of 20° or greater in conduit |engths equal
to or greater than 550 ft (168 m.

8. UCV TYPES

8.1 Precast and poured-in-place UCVs should be designed to

provi de sufficient and suitable space for installation of cables

and associ ated equi pnent. Precast and poured-in-place UCV types

and sizes that are nornmally used within the RUS program are shown
in the guide drawi ngs of RUS Bulletin 345-151, Specifications and
Drawi ngs for Conduit and Manhol e Construction, Form 515c, listed

bel ow

a. Q@ide drawing UMA -L,-T,-J;
b. Guide drawing UMV; and
c. @uide drawng UM X -Y.

8.2 Headroom floor, wall, and roof thicknesses, openings, wall
recesses, frames, covers, collars, sunps, or drains of precast
UCVs shoul d be designed in accordance with the manufacturers’
recommendat i ons.

8.3 Sufficient headroom shoul d be provided in poured-in-place
UCVs to allow for racking of cables plus a clear space of 12 in.
(305 mm just above the floor and bel ow the UCV roof. Table 2 of
this bulletin indicates the m ni num headroom recommended for the
various types of poured-in-place UCVs.

TABLE 2
M ni rum Headr oom
Pour ed- | n- Pl ace UCVs

M ni num Headr oom
UCV Types in. (cm
UM X 42 (107)
Uwvt Y 48 (122)
Uvt A 66 (168)
UMWt L 66 (168)
UM T 66 (168)
Uwvt VvV 66 (168)
Uwvt J 66 (168)

8.4 Unreinforced concrete should be used for floors of poured-
in-place UCVs that are to be constructed in firmsoils. Floor

t hi cknesses should be 4 in. (102 mm for poured-in-place UCVs
with unreinforced concrete walls. For poured-in-place UCVs with
reinforced concrete walls, floors should be 6 in. (152 mm thick.
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8.5 Reinforced concrete should be used for floors of poured-in-
pl ace UCVs that are to be constructed in fluid soils. The
reinforcing nmenbers should 5/8 in. (16 mm dianeter deforned
bars. Table 3 of this bulletin and Gui de Drawi ng 453 of RUS
Bul l etin 345-151, Form 515c, provide design information on the
fl oor thicknesses and reinforcing bar spacings of all rectangul ar
poured-in-place UCVs in fluid soils. Floor thicknesses of UMV
type poured-in-place UCVs vary with depths of finished floors
bel ow grade. Table 4 of this bulletin and Gui de Draw ng 453 of
RUS Bul |l etin 345-151, Form 515c, provide design information on
the floor thicknesses and reinforcing bar spacings of UMV type
UCVs in fluid soil.

TABLE 3
Fl oor Thi cknesses and Rei nforci ng Rod Spaci ngs
Rect angul ar Poured-1n-Place UCVs in Fluid Soils

Spaci ng of
Dept h of UCV Fl oor Rei nf or ci ng Rods
Bel ow G ade Fl oor Thi ckness
ft (m in. (nm in. (nm(See ote)
8 (2.4) 6 (152) 8 (203)
9 (2.7) 6 (152) 8 (203)
10 (3.0) 6 (152) 8 (203)
11 (3.4) 6 (152) 8 (203)
12 (3.7) 6 (152) 8 (203)
13 (4.0) 6 (152) 8 (203)
14 (4.3) 6 (152) 7 (178)
15 (4.6) 6 (152) 6.5 (165)
16 (4.9) 6 (152) 6.5 (165)
TABLE 4
Fl oor Thi cknesses and Rei nforci ng Rod Spaci ngs
Type UMV Poured-In-Place UCVs in Fluid Soils
Spaci ng of Reinforcing Rods
Dept h of UCV Fl oor
Fl oor Bel ow G ade Thi ckness in. (i (See Note)
ft (m in. (nmm Spaci ng A | Spaci ng B | Spacing C
8 (2.4) 6 (152) 8 (203) 9 (229) 11 (279)
9 (2.7) 6 (152) 8 (203) 9 (229) 11 (279)
10 (3.0) 6 (152) 8 (203) 9 (229) 11 (279)
11 (3.4) 6 (152) 8 (203) 9 (229) 11 (279)
12 (3.7) 6 (152) 8 (203) 9 (229) 11 (279)
13 (4.0) 6 (152) 8 (203) 9 (229) 11 (279)
14 (4.3) 6.5 (165) 7 (178) 8 (203) 10 (254)
15 (4.6) 7 (178) 6.5 (165) 8 (203) 10 (254)
16 (4.9) 7 (178) 6.5 (165) 8 (203) 10 (254)
Note: See Guide Drawi ng 453 of RUS Bulletin 345-151,
Form 515c, for diagrans of reinforcing rod spacings.
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8.6 Sunps or drains for poured-in-place UCVs should be | ocated
directly under UCV covers and at depths such that finished floor
surfaces should be graded toward the sunps or drains. Sunps or
drains should be at least 8 in. (203 m) in dianeter or 8 in.
(203 mm square. Sunps or drains should be constructed using
12 in. (305 M) lengths of 8 in. (203 mm sewer tiles. Cuide
Drawi ng 458 of RUS Bull etin 345-151, Form 515c, provides
information on two types of sunp or drain designs.

8.7 Table | and Guide Drawi ng 452 of RUS Bulletin 345-151, Form
515c, provide design information on wall thicknesses and verti cal
rei nforcenent spacings, if any, for concrete walls of poured-in-
place UCVs in firmor fluid soils. It should be noted in Table I
of RUS Bulletin 345-151, Form 515c, that the variations in
concrete wall thickness and the quantity of vertical
reinforcenment required varies only with the depths of the poured-
in-place UCV walls. Vertical reinforcing bars should be of
sufficient lengths to extend 1 in. (25 mm fromthe bottons of
concrete floors to within 1 in. (25 nmm of the tops of UCV roofs.
In addition to vertical reinforcenent, UCV walls should al so
contain horizontal reinforcenent. For UCV walls that are that

12 in. (305 M) or less in thickness, horizontal reinforcenent
should consist of 3/8 in. (10 M or |arger dianeter round bars
spaced 12 in. (305 mm on centers. UCV walls that are greater
than 12 in. (305 nmm thick should be horizontally reinforced
using 5/8 in. (16 mm or |arger dianmeter round bars spaced 12 in
(305 mm on centers. Horizontal reinforcing bars should be of
sufficient lengths to extend within 1 in. (25.4 m of outside
surfaces of the two adjacent walls.

8.8 Roofs of poured-in-place UCVs should be designed using
reinforced concrete. Table 5 of this bulletin provides design

i nformati on on UCV roofs regarding thicknesses and reinforcing
rod dianeters for all rectangul ar poured-in-place UCVs Table 6
of this bulletin provides design information on UCV roofs
regardi ng thicknesses and reinforcing rod dianmeters for UMV type
pour ed-in-place UCVs. (@uide Drawing 451 of RUS Bulletin 345-151,
Form 515c, provides design information on center-to-center

spaci ngs of reinforcing rods for both rectangular and UMV type
pour ed-i n-pl ace UCV roofs.

TABLE 5
Roof Thi cknesses and Rei nforcing Rod Di aneters
Rect angul ar Pour ed-1n-Pl ace UCVs

Rei nf or ci ng
| nsi de Wdth of UCV Roof Thi ckness Rod Di aneter
in. (cm in. (nm in. (nmm
36 (91) 6 (152) 1/2 (13)
42 (107) 6 (152) 1/2 (13)
48 (122) 7 (178) 1/2 (13)
54 (137) 7.5 (190) 1/2 (13)
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TABLE 6
Roof Thi cknesses and Rei nforcing Rod Di aneters
Type UMV Poured-In-Place UCVs

| nside Wdth or
Lengt h of UCV Rei nf or ci ng
Whi chever is Geater Roof Thi ckness Rod Di amet er
ft (m in. (nm in. (nm
8 (2.4) 11 (279) 3/4 (19)
9 (2.7) 11.5 (292) 3/4 (19)
10 (3.0) 12 (305) 3/4 (19)
11 (3.3) 12.5 (317) 3/4 (19)
12 (3.7) 13 (330) 3/4 (19)

8.9 Openings of poured-in-place UCYs should be determ ned by the
types and sizes of UCV franes. D aneters of frane openings at
bases of frames should be equal to dianmeters of UCV roof

openings. Table 7 of this bulletin provides design information
on the sizes of UCV opening fornms to be used with various types
and sizes of UCV franes.

TABLE 7
UCV Openi ng Forns
for UCV Frane Types and Sizes
Pour ed- I n- Pl ace UCVs

UCV Openi ng
Frame Sizes Form Si zes
Frane Types in. (cm in. (cm
B 24 (61) 34 (86)
B 27 (69) 38 (96)
B 30 (76) 41 (104)
R 27 (69) 28 (71)
R 30 (76) 31 (79)

8.10 When poured-in-place UCVs require wall recesses at conduit
entrances, concrete should be placed between the faces of the
recesses and the excavation walls to provide waterti ght bonds.
Concrete thicknesses should be equal to at |east one-half of UCV
wal | thicknesses. Quide Drawing 454 of RUS Bulletin 345-151,
Form 515c, provides additional design information concerning wall
recesses. Wen conduits entering UCVs are spl ayed, recessing of
conduit banks shoul d not be required.

8.11 Type B franmes should be used wi th poured-in-place UCVs
installed in areas subjected to vehicular traffic. Type R franmes
shoul d be used with poured-in-place UCVs that are installed in
areas not subjected to vehicular traffic such as sidewal ks,

medi an strips. etc. @uide Drawing 456 of RUS Bulletin 345-151,
Form 515c, provides additional design information on Types B and
R frames. Thirty inch (76 cm frames should be used in areas
subjected to vehicular traffic. Twenty-seven inch (69 cm franes
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shoul d be used in areas not subjected to vehicular traffic.
Poured-in-place UM X and UMY type UCVs normal ly use 24 in.
(61 cm franes.

8.12 Frames of poured-in-place UCVs shoul d be supported with
either brick or concrete collars. Brick or concrete collars
shoul d be of sufficient heights to bring UCV covers flush with
grades of travel surfaces.

8.13 Solid covers should be used with all types of poured-in-
pl ace UCVs except when light and ventilation of UCVs are

requi red. Heavy duty covers should be used on all types of
pour ed-in-place UCVs that are subjected to vehicular traffic.

9. CABLE RACKS, RACK SUPPORTS, and PULLING IRONS

9.1. The nunber of cable racks and rack supports, spacing of
cabl e racks, and placenent of pulling irons for precast UCVs
shoul d be designed in accordance wth manufacturers’
recommendat i ons.

9.2 For poured-in-place UCVs, the nunber and size of vertical
cabl e racks shoul d be based on headroomw thin UCVs as shown in
Table 8 of this bulletin. Additional design information that may
be used to assist in the installation of cable racks within

pour ed-in-place UCVs may be found in Guide Drawi ng 459 of RUS
Bull etin 345-151, Form 515c.
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TABLE 8
Nunmber and Si ze of Cabl e Racks Ver sus Headr oom
Pour ed- | n- Pl ace UCVs

Nunmber of Racks

Headr oom 14 Hol e 18 Hol e 37 Hol e
in. (cm Rack Size Rack Size Rack Size

60 (152) Y 1
66 (168)‘¥ -

I =

72 (183)'¥
78 (198)
84 (213)
90 (229)
96 (244)
102 (259)
108 (274)
114 (290)
120 (305)
126 (320)
132 (335)

PNW!

1
RPRWNR ' WNR'N N P
1

ArRARPMNWA

Note (1): UCVs may contain either one 14 and one 18 hole rack or
one 14 and one 37 hol e rack

Note (2): UCVs may contain either two 18 hol e racks or one 37

hol e rack.
9.3 UCV racking diagrans for poured-in-place UCVs shoul d include
all hardware itens needed for supporting cables within UCVs al ong
with all additional work such as drilling holes, etc.
9.4 The spacing of cable racks wi thin poured-in-place UCVs

shoul d be specified on the construction draw ngs.

9.5 Cable racking diagrans should be made for central office
vaults, cable troughs, and central office building walls show ng
| ocations of all existing cables, stubs, |oad coil cases and
ducts in use. Using this information vacant ducts shoul d be

sel ected that would all ow new cables to be installed w thout
crossing over existing cables or blocking other vacant ducts.
Trunk, | oaded, and special cables, which require protection,
shoul d be assigned | ower conduits because these type cabl es
usual ly do not require replacenent. Cable duct assignnents
shoul d be the sane in each UCV, whenever possible. However, each
duct shoul d be chosen section-by-section, since the sane relative
position in each UCV may not al ways provide the best cable
arrangenent .
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9.6 Cables and stubs should be arranged in UCVs to all ow
accessibility to cable splices. The nunber of branch cables from
ends of mainline splices should be limted to two. Stub cables
may be necessary to maintain this arrangenent. At |ocations
requiring cable stubs, racking of main cables should be based on
pair counts, gauge sizes, and intended use stub cables. Were
stub cables are used to connect branch feeder or distribution

cabl es entering UCYs from branch circuits, termnal ends of stub
cabl es shoul d be racked on UCV wal | s opposite branch conduits.

9.7 For pull-through UCVs (no splice), cable | engths necessary
for racking should be added to wall-to-wall |engths of conduit
sections on both sides of UCVs.

9.8 Cuide Drawi ng 457 of RUS Bulletin 345-151, Form 515c, should
be used in the design of pulling irons for poured-in-place UCVs.

10. UCV AND CONDUIT LOCATIONS

10.1 Locations of UCVs and conduit routes between UCVs shoul d be
i ndi cated on construction drawi ngs. An exanple of a construction
drawi ng indicating UCV | ocations and conduit routes is shown in
Figure 1. The construction synbols and abbreviations used in
preparing construction drawi ngs are shown in Figures 2 through
2C.  Poured-in-place or precast UCVs should be |ocated to avoid
unnecessary hazards and to ensure that future work in UCVs w ||
cause mnimuminterference with the normal flow of vehicular
traffic. Poured-in-place or precast UCVs should be located in
public R Wwherever possible. Wen poured-in-place or precast
UCVs are |located in the travel portion of roads, streets, etc.,
intersection |ocations should be avoid wherever possible. In
congested areas where the possibility of undisclosed subsurface
conditions exist, test holes may be required to verify that
construction can be carried out as planned to avoid usel ess
excavation. Test holes should be dug 12 in. (305 mm deeper than
the depth of the proposed UCV excavation. |If foreign pipes or

ot her structures are encountered in the test holes, steps should
be taken to determ ne ownership of the foreign structures. |If
the structures can not be readily renoved, a decision should be
made as to the practicability of either shifting the UCV
arranging with the owni ng conpany for a change in the route of
their plant, or include the structure in the UCV. Penalties or
costs associated with each of the above nmentioned alternatives
shoul d be carefully consi dered before reaching a deci sion.

Pour ed-in-place or precast UCVs should not be |ocated near
springs or underground streans.

10.2 Main conduits entering poured-in-place or precast UCVs
shoul d be | ocated equi di stant between the floors and roofs and
centered between end walls. For UML, UMJ, and UM T poured-in-
pl ace or precast UCVs, conduits entering side walls should be
|ocated 4 in. (102 mm fromend walls which are | ocated farthest
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fromcentral offices. Cearances of 12 in. (305 mm) should be
mai nt ai ned between main conduit formations and roofs or floors of
UCVs. Unless indicated on the construction draw ngs, wall
recesses should be provided at conduit entrances. Subsidiary
conduits entering UCVs should be | ocated to provide cl earances of
4 in. (102 mm fromroofs and adjacent walls.

11. DETERMINATION OF INSTALLATION LENGTH AND PULLING TENSION
OF FILLED COPPER CABLES

11.1 Mechani cal stresses placed on copper cables during
installations should be held to absolute mninmuns to avoid
excessive twsting, stretching, or flexing of cables. Therefore
to avoid excessive twi sting, stretching, or flexing of copper
cables during installations, maxi mum pulling tensions for copper
cabl es should be calculated to ensure that copper cables can be
pl aced in conduit and UCV systens w t hout damage.

11.2 One of the factors to consider in determ ning copper cable
pulling tensions is the coefficient of friction between various
conduit and cable jacket materials. Table 9 provides both dry
and lubricated coefficient of friction values between various
conduit and cable jacket materials which may be used in
determining pulling tensions of cables. The information in
Table 9 is based on conduit interior surfaces being free of dirt,
gravel, etc. Interior conduit surfaces that are considered
dirty, could result in increased coefficient of friction val ues.
Therefore interior conduit surfaces should be cleaned before
installation of cables.

TABLE 9
Coefficient of Friction
Conduit Versus Cabl e Jacket Materials

Coefficient of Friction (Sliding)
Hi gh Density Low Density
Pol yet hyl ene Pol yet hyl ene
Conduit Materi al Dry Lubri cat ed Dry Lubri cat ed
Pol yvi nyl Chl ori de 0.31 0.13 0. 36 0. 16
Concrete 0.48 0. 37 0. 57 0.41
Corrugated Pl astic 0. 22 0.13 0. 40 0.13

As the table indicates, lubricated coefficient of friction val ues
are generally one-half or less of the dry coefficient of friction
values. The lower lubricated coefficient of friction val ues
shoul d allow for |lower cable pulling tensions which in turn would
allow the installation of |onger cable lengths in conduit and UCV
systens. For purposes of safety, maxi mum pulling tension

cal cul ations for copper cables should be conputed using the dry
coefficient of friction values. The effectiveness of |ubricants
is dependent to a |l arge extent on the thoroughness of its
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application to copper cables. |In addition, conduit surface
conditions can contribute significantly to the actual coefficient
of friction.
11.3 The factors that should be used in determning the | engths
of copper cables that nay be safely installed in conduit systens
are as foll ows:

a. Cable size and conductor gauge;

b. Maximum pulling strain allowed on conductors;

c. Cable pulling nethod (pulling eye or basket weave grip);

d. Nunber of bends in conduit system

e. Bend radii;

f. Bend angl es;

g. Coefficient of friction; and

h. Cables pulled dry or |ubricated.
11.4 Equation #1 listed bel ow should be used for cal cul ati ng
maxi mum pul [ i ng tensions of copper cables equipped with factory
installed pulling eyes:

T = ANK (Equation #1)
Wer e:

T = Maxi num al | owabl e pulling tension in pounds
(I'bs) [kilograns (kgs)].

A = Cross-sectional area of copper conductors in
circular mls [square mllimeters (mmf)].

N = Nunber of conductors termnated in factory
installed pulling eyes. Typical all conductors
in cables are termnated in factory installed
pul li ng eyes.

K = 0.008 Ibs/circular mls (7.2 kgs/nmf)
for copper.

The cross-sectional areas of copper conductors designated by “A’
in equation #1 are listed in Table 10:
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TABLE 10
Cross-sectional Area of Copper Conductors
Conductor Size Cross-sectional Area
Aneri can Wre Gauge (AWG Circular MIs (mft)
19 1290 (0.653)
22 642 (0.324)
24 404 (0. 205)
26 254 (0.128)

11.5 After calculating maxi mum pulling tensions of copper
cabl es, maxi mum al |l owabl e pulling | engths of cables should be
cal cul at ed using equation #2 |isted bel ow
L =T W (Equation #2)
Wher e:
L = Maxi mum al l owabl e pulling length in ft (n).
T = Maxi mum al | owabl e pulling tension in | bs (kgs).
W= Cable weight in Ibs/ft (kgs/m.

f = Coefficient of friction for type of conduit
used in installation.

11.6 Another factor that should be considered in cal cul ating
cable pulling tensions is the nunber and effects of bends in
conduit systens. For conduit systens containing bends, pulling
t ensi ons of copper cables should be cal cul ated on cumul ative
basis using equations #3 and #4 |isted bel ow

T = LW (Equation #3) T = T.e'? (Equati on #4)

VWher e:
T

Pulling tension in I bs (kgs).

L Cable length in ft (m.
W= Cable weight in Ibs/ft (kgs/m.

T, = Accunul ated tension to start of bend
in |bs (kgs).

e = Naperian |ogarithmequal to 2.718.
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f = Coefficient of friction for type of conduit
used in installation.

a = Bend angle in radians (1 radian = 57.3 degrees).

11.7 Another factor that should be considered is the nmaxi mum
al l owabl e sidewall pressure. Sidewall pressures are radial
forces exerted on cable sheaths at bend points when cables are
under tension. Sidewall pressures at bend points should be
cal cul at ed using equation #5 |isted bel ow

P = T/R (Equation #5)

Wher e:
P = Sidewall Pressure in |bs/ft (kgs/m.
T =Pulling tension in I bs (kgs).
R =Bend radius in ft (m.

The maximum allowable sidewall pressure for copper cables should
not exceed 100 lbs/ft (149 kgs/m). In conduit systens contai ning
mul tiple bends, the last bend in the system woul d devel op the
greatest sidewall pressure on the cable. Therefore, during the
design of conduit systens, bends with the severest radii should
be installed at the start of conduit systens.

11.8 Figures 3 through 3B provide an exanpl e of an underground
filled copper cable installation that nay be used for cal cul ating
maxi mum cabl e pulling tensions for conduit and UCV systens
containing multiple conduit bends. Figures 4 and 4A provide an
exanpl e of an underground filled copper cable installation that
may be used for cal culating the maxi mum si dewal | pressures for
conduit and UCV systens containing nmultiple conduit bends.

12. DETERMINATION OF INSTALLATION LENGTH AND PULLING TENSION

OF FILLED FIBER OPTIC CABLES
12.1 Factors that should be considered in determ ning the
installation I engths and pulling tensions of fiber optic cables
to ensure that fiber optic cables can be placed in conduit and
UCV systens w thout danmage are |isted bel ow

a. Maxi mum al | owabl e pulling tension;

b. Mninmum all owabl e bending radius after installation;

c. Construction and di nensions of pulling end;

d. Cable weight and di aneter;
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e. Supply length of cable; and
f. Excess cable length at each splice |ocation.

12.2 Fiber optic cable manufacturers should be contacted to
determ ne the appropriate values for the itens listed in
Paragraph 12.1 of this bulletin to ensure that fiber optic cables
can be placed in conduit and UCV systens w t hout damage.

12.3 In addition to the factors listed in Paragraph 12.1 of this
bulletin, fiber optic cable manufacturers should al so be
contacted to determ ne the maxi mum al | owabl e sidewal | pressure
that nay be exerted on fiber optic cable sheaths at bend points
when cabl es are under tension.

13. DESIGN CONSIDERATIONS

13.1 For outside plant underground facilities using copper
cables, circuit requirenents should be thoroughly evaluated to
provide sufficient margin in the sizing of underground feeder
cables. The sizing of the copper cables should be based on the
recommendations listed in RUS TE&GCM Section 210, Tel ephone System
Design - Sizing Criteria. The assigning of cable pairs should be
based on the recommendati ons included in RUS TE&CM Secti on 629,
Cabl e Pl ant Layout - Serving Area Val ue Engi neering for Rural

Syst ens.

13.2 For outside plant underground facilities using fiber optic
cables, circuit requirenents should be thoroughly evaluated to
provide sufficient margin in the sizing of the cables. The
sizing of the fiber optic cables should be based on circuit

requi renents of the LD plus the nunber of circuits needed for
future growt h.

13.3 Local characteristics of the project area should be

t horoughly studied to determ ne whether normal or extraordinary
construction conditions exist before naking conparative cost
studies. In addition, the determ nation should be nade as to
whet her or not protection of conduits would be required so that
the increase in the increnmental cost associated with the
protection of the conduits can be eval uat ed.

13.4 For copper underground plant, the design should provide for
the opti mum use of fine gauge cable (22 and 24 AW: conductors).
Care should be exercised in the design to ensure that

transm ssion requirenments will be net.

13.5 For copper underground plant, the choice of the proper
gauge conductors shoul d depend on the transm ssion and signaling
requi renents. Care should be exercised in selecting the cables
since initial cost differentials between the various cabl e types,
si zes, and conductor gauges can be appreci able. Were econom c
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costs indicate the use of digital carrier and other types of
el ectroni c equi pnent over physical circuits, the electronic
equi pnent shoul d be desi gned.

13.6 For optical fiber underground plant, the design should
provide for the use of either dispersion-unshifted single node
fibers (operate at both the 1310 and 1550 nanoneter w ndows) or
di spersion-shifted single node fibers (operate at the 1550
nanonmeter wi ndow). The choice as to which single node fiber to
use shoul d depend on the optical systemis length and the
transm ssi on and signaling requirenents.

13.7 The optical fiber design should be prepared in accordance
with the recomendations in RUS Bulletin 1751H 601, Lightwave
Fundanent al s.
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FIGURE 1
EXAMPLE OF UNDERGROUND CABLE VAULT AND
CONDUIT ROUTE CONSTRUCTION DRAWING
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FIGURE 2
UNDERGROUND PLANT CONSTRUCTION
ABBREVIATIONS AND SYMBOLS

Abbreviations

BW — Building ta Underground Cahble
Vault Wall Distance

CC — Center to Center Distances
Between Underground Cable Vaults

C.0. — Central Office

CONC — Concrete

FG/ED — Fiberglass/Epoxy Duct
FLXPD — Flexible Plastic Duct
ft — Feet

HH — Handholes

Hwy. — Highway

[.D. — Inside Diameter

in. — Inches

MCD — Multiple Cancrete Duct
MPD — Multiple Plastic Duct
Q.D. — OQutside Diameter

PD — Plastic Duct

PINDCT — Plastic Innerduct

Rd — Road
R/W — Right—of—Way
St. — Sireet

UCV — Underground Cable Vault

WW — Underground Cable Vault Wall to
Underground Cable Voult Woll Distance

Symbols

Existing conduit

ossssssss——— Froposed conduit

- emm e e Proposed (future) conduit

—{ — Existing Type UM—A UCV

IJ:If Existing Type UM—-L UCV

—C'[l Existing Type UM-T UCV

Existing Type UM—dJ UCV

Existing Type UM-V UCV

] Existing Type UM—X or UM—Y UCV

Existing Type UM—A UCV
With Stubbed—Out Duct

|J:|_{ Existing Type UM—-L UCV

With Stubbed—OQut Duct

et A B

Existing Type UM-T UCV
With Stubbed—0Out Duct

Existing Type UM—J UCV
With Stubbed—Out Duct

Existing Type UM—V UCV

With Stubbed—Out Duct

Proposed Type UM—A UCV

Proposed Type UM—L UCV

Proposed Type UM—T UCV

Proposed Type UM—J UCV
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FIGURE 2A
UNDERGROUND PLANT CONSTRUCTION
ABBREVIATIONS AND SYMBOLS (CONTINUED)

Symbols

:, Propesed Future Type UM—X or UM—-Y UCV

Proposed Type UM—V UCV Top
88 Existing Direct Buried Conduct Configuration

Looking Back Taward Central Office

2 Proposed Type UM—X or UM=Y UCV

_=_| Proposed Type UM—A UCV

With Stubbed—Out Duct

Top

mmmm [xisting Direct Buried Conduct Configuration

Proposed Type UM—L UCV 88 Looking Back Toward Central Office With
With Stubbed—OQut Duct Treated Plank Top Protection

% Existing Concrete Encosed Conduct
Configuration Looking Back Teward
g Central Office

Proposed Type UM—T UCV Existing Direct Buried Conduct Configuraticn
With Stubbed—0Out Duct Laoking Back Towaord Central Office With
wirm®:  Concrete Hase

ToP  proposed Direct Buried Conduct
Configuration Looking Back Teoward

Proposed Type UM—J UCV Central Office

With Stubbed—0Out Duct

= Proposed Concrete Encased Cenduct

& Configuration Looking Back Toward
= Central Office

Proposed Type UM—V UCV

With Stubbed—0Out Duct Propased Direct Buried Conduct

Configuration Looking Back Toward Central
Office With Treated Plank Top Protection

wae_Pum Proposed Future Type UM—A UCV

s Proposed Direct Huried Conduct
88 Configuration Looking Baock Toward Central
:}-- Proposed Future Type UM—L UCV wimm: Office With Concrete Base

= T\OS Proposed Future Direct Buried Caonduct
Configuration Leooking Back Teoward
":3 Proposed Future Type UM—-T UCV t\, Centrqcﬂ Office ?
T
l BEREE Proposed Future Concrete Encased Conduct
[ < Configuration Looking Back Toward
beie Central Office
wmef" Rmm Proposed Future Type UM—J UCV Top
= —,\ Proposed Future Direct Buried Conduct
% Configuration Looking Back Toward Central
l - Office With Treated Plank Top Protection
-4 Top
.*.'..- Proposed Future Type UM—V UCV X’Q Propesed Future Direct Buried Conduct
H t’\/ Configuration Looking Bock Toward Central

s wems: - Office With Concrete Base
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—4 in. MPD

6—3.5 in. FG/ED Proposed 6—-3.5 in.
——

UCV-3
—{+— Existing Type UM—A UCV No. 3
Type UM—A
UCv-6
el Jm=  Froposed Type UM—A UCV No. B
Type UM—A Top
m 7350 |
UCV—4 4—4 in. PD Existing Type UM—J QOO re/ED
UCV No. 4 With 4—4 in.
Stub—out 5 ft  p|gstic Ducts Stubbed-—
Type UM—J Out 5 ft
Top
4-3.5 1
ucv->5 Proposed Type UM-T (XD FG/ED
UCV No. 5 With 2-4 in, "8
72—4 in. FG/ED Fiberglass/Epoxy Ducts
Stub—out 4 ft  Stubbed—OQut 4 ft N
Type UM—T
Top Existing Direct Buried Conduit {}

88 4—4 in.

FIGURE 2B
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UNDERGROUND PLANT CONSTRUCTION
ABBREVIATIONS AND SYMBOLS (CONTINUED)

Symbols

Existing Riser Conduit Termination

Showing Pole Quadrant

Proposed Riser Conduit Termination

] Top
Showing Pole Quadrant

OO Fe /b

Proposed Riser Conduit Termination

Showing Pole Quadrant Top

Existing 4 way 4 in.
Multi—Plastic Duct

Fiberglass /Epoxy Ducts

Configuration Looking Back
Toward Central Office Showing
4—4 in. Plastic Ducts

PD
Pole 4—6

2-3.5 1

in. PD

in. PD

2-2 in.
O‘ PD Risers
O

Existing Concrete Encased
Conduit Configuration Looking
Back Toward Central Office
Showing 4-3.5 in. Plastic

Ducts

Existing Direct Buried Conduit
Configuration Looking Back
Toward Central Office With
Treated Plank Top Protection
Showing 2—3.5 in,
Fiberglass/Epoxy Ducts

Existing Direct Buried Conduit
Configuration Looking Back
Toward Central Office With
Concrete Base Showing 4—-3.5 in.
Fiberglass/Epoxy Ducts

Proposed Direct Buried Conduit

. PD Configuration Log¢king Back

Toward Central Office Showing
4—4 in. Plastic Ducts

Proposed Concrete Encased
Conduit Configuration Looking
Back Toward Central Office
Showing 4—3.5 in. Plastic
Ducts

Proposed Direct Buried Conduit
Configuration Looking BHack
Toward Central Office With
Treated Plank Top Protection
Showing 2—3.5 in.

Fiberglass /Epoxy Ducts

Proposed Direct Buried Conduit
Configuration Looking Back
Toward Central Office With
Concrete Base Showing 4—3.5 in.
Fiherglass/Epoxy Ducts

Existing Riser Canduit
Termination Showing
Pole Quadrant and
2-2 in. Plastic Duct

Risers
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FIGURE 2C
UNDERGROUND PLANT CONSTRUCTION
ABBREVIATIONS AND SYMBOLS (CONTINUED)

Symbols

Existing Underground Fiber
Optic Cable
Proposed Underground Fiber
Optic Cable

—P—P——P— Existing Power Line

2-2 in.

O’ PD Risers Proposed Riser

Conduit Termination
Showing Pole
Quadrant and 2—2 in.
Plastic Duct Risers

Existing Underqround Copper Cable
in Existing Conduit Configuration

Proposed Underground Copper Cable
in Proposed Conduit Configuration

Existing Underground Copper
Cable

Propased Underground Copper
Cable

—T —T—T— Existing Telephone Line

TV TV Existing CATV Line

—X—X——X— Existing Fence

—G—G——G— Existing Gas Line

—W——W—W— Existing Water Line

—S5—5S5——5S5— Existing Sewer Line

—0——0——0— Existing Qil Line

Notes:

To convert inches to millimeters
multiply by 25.4.

To canvert feet to meters
multiply by 0.3048.
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FIGURE 3
EXAMPLE OF UNDERGROUND FILLED COPPER CABLE
INSTALLATION IN A CONDUIT AND UCV SYSTEM CONTAINING
MULTIPLE CONDUIT BENDS

Direction of Pull Bends Rodius. Angle
AB 35 ft (10.7 m) 90"
UCVv-1
cD 65 ft (19.8 m) 45
100 ft (30.5
A (305 m ¢ EF 65 ft (19.8 m)  45°

500 ft (152 m) T

i

Bend AB

F Direction of Pull

Bend CD 500 ft (152 m)

uctv-2

Bend EF

Assume that a 900/24 filled cable using solid polyethylene insulation is to be pulled
from UCV—1 to UCV—2. The cuble has a low density polyethylene outer jacket and
the conduit is polyvinyl chloride (PVC).

Procedure

. Determine the maximum allowable pulling tension for the 900/24 filled cable by the
formula T = ANK.

Where: T = Maximum Pulling A = Cross—sectional area of copper
Tension in Ibs (kgs) conductors in circular mils (mm?)
taken from Table 10

N = Number of Conductors K = 0.008 lbs/circular mils
Terminated in Factory (7.2 kgs/mm?)
Installed Pulling Eyes

English Units Metric Units
T = ANK T = ANK
T = 404 x 1800 x 0.008 T = 0.205 x 1800 x 7.2
T = ANK = 5818 |bs T = ANK = 2657 kgs
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FIGURE 3A
EXAMPLE OF UNDERGROUND FILLED COPPER CABLE
INSTALLATION IN A CONDUIT AND UCV SYSTEM CONTAINING
MULTIPLE CONDUIT BENDS (CONTINUED)

Procedure — Continued

2. Next determine the pulling tension from UCV—-1 to Point A by using the following
formula T = LWF

Where: T = Pulling Tension L = Cable Length in
in Ibs (kgs) ft (m)
W = Cable Weight in f = Coefficient of Friction
Ibs/ft (kgs/m) for Type of Installed
Conduit
English Units Metric Units
T = LWf T = LWf
T =100 x 4.51 x 0.36 T =30.5 x 6.72 x 0.36
T = LWF = 182 Ibs T = LWf = 74 kgs

3. Then determine the pulling tension at Point B by substituting the tension calculated
in Step 2 above as T1 in the following formula T = T4 efd

Where: T = Pulling Tension T1 = Accumulated Tension to
in Ibs (kgs) Start of Bend in Ibs (kgs)
e = Naperian Logarithm a = Hend Angle in Radians

equal to 2.718 (1 radian = 57.3 degrees)

f = Coefficient of Friction
for Type of Installed

Conduit
English Units Metric Units
T=T efd T =T ofa
T = 162 x 2.718(0-36 x 1.57) T = 74 x 2.71g0-36 x 1.57)
T = Tel = 285 Ibs T = Ted =130 kgs

4. Next determine the pulling tension at Point C by adding the tension found at
Point B (Step 3) to the tension for the 500 ft (152 m) straight section by the
following formula T = T;&/® + LWf.

English Units Metric Units
T = Tre® + LW T = Tief@ + LWr
T = 285 + (500 x 4.51 x 0.36) T =130 + (152 x 6.72 x 0.36)
T = T1ef® + LWf = 1097 Ibs T = T1ef® + LWF = 498 kgs
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FIGURE 3B
EXAMPLE OF UNDERGROUND FILLED COPPER CABLE
INSTALLATION IN A CONDUIT AND UCV SYSTEM CONTAINING
MULTIPLE CONDUIT BENDS (CONTINUED)

Procedure — Continued

. Then determine the pulling tension at Point D by substituting the tension calculated
at Point C (Step 4) as Ty in the following formula T = Ty &9

English Units Metric Units
T= Tes (0.36 x 0.79) T=he (0.36 x 0.79)
T = 1097 x 2.718° 70 X T = 498 x 2.718"7° X
T = T1el® = 1457 Ibs T = T1ef® = 662 kgs

. Next determine the pulling tension at Point E by adding the tension found at
Point D (Step 5) to the iension for the 400 ft (122 m) straight section by the
following formula T = Ty €@ + LWf.

English Units Metric Units
T = Tqef® + Lwf T = Tyef® + Lwf
T = 1457 + (400 x 4.51 x 0.36) T =662 + (122 x 6.72 x 0.36)
T = T1ef® + LWf = 2106 Ibs T = T1ef + LWF = 957 kgs

. Then determine the pulling tension at Point F by subs’cituﬁn]‘g the tension calculated
a

at Point E (Step 8) as Tq in the following formula T = Tye'@

English Units Metric Units
T = T1e@ T = Tyl
T = 2106 x 2.718(0-36 x 0.79) T = o057 x 2.718(0-36 x 0.79)
T = Te@ = 2799 Ibs T = Tyef@ = 1272 kgs

. Lastly determine the pulling tension at UCV—-2 by adding the tension found at
Point F (Step 7) to the tension for the 500 ft (152 m) straight section by the
following formula T = Ty&9 + LWF.

English Units Metric Units
T = -|-_1ef[] + LW T = -|-1efCI + LWf
T = 2799 + (500 x 4.51 x 0.36) T = 1272 + (152 x 6.72 x 0.36)
T = Tyef® + LWf = 3611 Ibs T = Tyef@ + LWf = 1640 kgs

. Since the maximum pulling tension to pull the 90Q/24 filled cable from UCV—1 to
UCV—2 was calculated to be 3611 Ibs. (1640 kgs), the 900/24 filled cable can be
pulled from UCV—1 to UCV-2 because the calculated pulling tension for the conduit
and UCV system does not exceed the 5818 Ibs. (2657 kgs) maximum allowable
cable pulling tension calculated in Step 1 of Figure 3. Since the pulling calculations
were for unlubricated cable, lubrication of the cable should provide a substantial
safety margin.
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FIGURE 4
EXAMPLE OF DETERMINING THE CABLE SIDEWALL PRESSURE
AT CONDUIT BENDS IN A CONDUIT AND UCV SYSTEM

Direction of Pull Bends Radius. Angle
AB 35 ft (10.7 m) 90"
UCcv—-1
CD 65 ft (19.8 m) 45°

100 ft (30.5 m) ¢

|

Bend AB

EF 65 ft (19.8 m) 45’

A‘—

500 ft (152 m) T

F Direction of Pull

Bend CD 500 ft (152 m)

ucv-2

Hend EF

Determine the sidewall pressure of a 900/24 filled cable at the conduit bends in
the UCV—1 to UCV—2 underground system.

Frocedure

1. Determine the maximum allowable sidewall pressures for the 900/24 filled cable at
the conduit bends using the formula P = T/R.

Where: P = Sidewall Pressure in Ibs/ft (kgs/m) T = Pulling Tension
R = Bend Radius in ft (m) in Ibs (kgs)

2. Determine the sidewall pressure for conduit bend "AB” having a 35 ft (10.7 m)
radius and a pulling tension of 285 Ibs (130 kgs) taken from Step 3 of Figure 3A.

English Units Metric Units
P=T/R P=T/R
P = 285/35 = 8 Ibs/ft P = 130/10.7 = 12 kgs/m

3. Determine the sidewall pressure for conduit bend “CD” having a 65 ft (19.8 m)
radius and a pulling tension of 1457 Ibs (662 kgs) token from Step 5 of Figure 3B.

English Units Metric Units
P=T/R P=T/R
P = 1457/65 = 22 lbs/ft P = 662/19.8 = 33 kgs/m
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FIGURE 4A
EXAMPLE OF DETERMINING THE CABLE SIDEWALL PRESSURE AT
CONDUIT BENDS IN A CONDUIT AND UCV SYSTEM (CONTINUED)

Direction of Pull Bends _Radius Angle
AB 35 ft (10.7 m) 90"
UCVv—1
CD 65 ft (19.8 m) 45
100 ft (30.5
Am (30.5m) ¢ EF 65 ft (19.8 m) 45

500 ft (152 m) T

|

Bend AB

F Direction of Pull

Bend CD 500 ft (152 m)

ucv-2

Hend EF

Determine the sidewall pressure of a 900/24 filled cable at the conduit bends in
the UCV—1 to UCV—2 underground system.

Frocedure

. Determine the sidewall pressure for conduit bend "EF" having a 65 ft (19.8 m)
radius and a pulling tension of 2799 lbs (1272 kgs) taken from Step 7 of Figure 3B.

English Units Metric Units
P=T/R P=T/R
P = 2799/65 = 43 Ibs/ft P =1272/19.B = 64 kgs/m

. Since the sidewall pressures of conduit bends "AB,” “CD,” and "EF" calculated in
Steps 2 through 4 do not exceed the maximum allowable sidewall pressure of
100 Ibs/ft (149 kgs/m), the 900/24 filled cable can be installed from
UCV—-1 to UCV—-2.



